Introduction
Pesticides are chemicals chosen for a type of biological activity that is advantageous in agriculture or in the control of insects harmful to animals or man. The various herbicides, insecticides, fungicides and products that regulate crop height or fruit setting (plant growth regulators) each have clearly defined identity, purity and toxicological properties. However, the common public image is that pesticides are a discrete group of chemicals and all are poisons, harmful to man.
If a pesticide is not a poison, why do the drums of insecticide sold to farmers carry a long list of safety precautions? Farm workers preparing to spray a field with that pesticide will often wear thick rubber gloves, a large protective apron and a face visor while they dilute the product with water in the tank of the sprayer. When a farmer sprays the fields he sits in the cab of the tractor, protected by the windows and remote from the spray pouring from the boom onto the crop and the ground. What becomes of the pesticide in the ground and on the crops?
Perhaps people are suspicious because they are unsure of the precise level of residue from pesticides in their food. Also, the population consuming pesticide residues in food is very large. There may be individuals who are unusually susceptible to hazardous chemicals, for example because of age or state of health.
The fact is that levels of pesticide residues in food are investigated qualitatively and quantitatively and related to general agricultural practice. The levels of residues from pesticides in the crops we eat and in our dietary milk and meat are measured and are low. This paper briefly describes what a toxicologist does with a pesticide and how an informed judgment is made on the safety of residues remaining in foodstuffs.
Safety of pesticide residues Whether pesticide residues in treated crops are hazardous or not depends on the inherent toxic properties of the pesticide and of its residues, including breakdown products. The role of the toxicologist, in industry or government, is to take a clearly defined chemical substance and to find its toxic properties. Here is the paradox. Only by studying poisoning with a chemical is it possible to assess the safety of being exposed to it. Toxicity testing involves giving the chemical by the route of likely human exposure and detailed monitoring of body functions. Ingestion is the most likely means of significant exposure, either by accident or more commonly, although at trace levels, in foods as residues. There are also studies involving inhalation exposure, to protect farmworkers against a potentially hazardous route of exposure, and effects of splashes on the skin or eye are investigated in detail. Single-dose studies are used to look at the acute poisoning. Repeated doses are given to look for cumulative toxicity and for chronic effects. Rodents are dosed for the majority of their lifespan'to simulate prolonged human exposure and are examined for toxic changes, including tumours caused by the chemical.
The laboratory rat is the most extensively used animal model, but some tests use mice, guinea pigs or rabbits. To guard against man responding to the chemical quite unlike rats, some testing is done in a non-rodent species. It is axiomatic that the animals are housed in the best possible conditions, with clean air and fresh food.
Special tests are performed to look for mutagenic activity of the chemical. There may be some antidote studies although only rarely is an antidote known (Turnbull 1983) . Also, there are extensive environmental studies, in soil and water systems.
The protocols for the experiments by which chemicals are tested for the various aspects of toxicity, such as teratology or local effects on the skin, are by now well established. The experience of many laboratories around the world has resulted in the derivation of effective protocols. These protocols the toxicologists adapt to their immediate needs. Knowing the sensitivity of the various tests, the toxicologist then extrapolates from the animal model to man. In the context of pesticide residues in human foodstuffs, that means emphasis is placed on studies involving life-long exposure to the pesticide. This includes a multigeneration study in which animals given the pesticide in their feed are mated and the offspring also treated, and so on for several successive generations.
Toxicity testing on a pesticide will typically involve over five years of work in the laboratory and many man years of effort. Any parameter that can usefully be monitored will be measured and recorded. A typical study may involve monitoring 80 separate parameters in haematology, clinical chemistry, urine analysis, electrocardiographs, ophthalmoscopy, organ weights at death and extensive histopathology. A chronic study in which rats are given the pesticide in the diet for a lifetime of two years or more, will involve about 130000 separate measurements. The report on such a study presents all the detailed information and data and comprises several volumes.
The pesticide is likely to be transformed, and degraded, while it is on, or within, the crop. Metabolism studies are therefore conducted in representative crops and also in laboratory animals. The objective is to examine both the pesticide and its degradation products in toxicity tests. A metabolite formed only in a treated crop, and not in animals, is chemically synthesized and subjected to separate toxicity tests.
Safety margins
The dose-response relationships for adverse effects of the pesticide and metabolites are defined, from a marked response down to a level of exposure giving no observable effect. This level is termed the 'no effect level'. Since there must be no possibility of a harmful effect from a residue of pesticide in crops, a margin of safety is required. That safety margin is the guard against toxic properties seen in animal models affecting man even more severely. It also provides for the incomplete understanding of the fundamental mechanisms of many toxic effects.
Pesticides are acceptable for agricultural use only if it has been shown that residues will not become a toxic hazard to man, domestic animals and wildlife, or the environment.
In each country a national authority regulates the use of pesticides, particularly with regard to safety. This means independent critical examination of the toxicology and metabolism data provided by industry, then evaluation of the safety margins and control of the intended use, for example by setting a preharvest interval between treating the crop and harvesting. The officially 'acceptable' residue levels are set on the basis of maximum levels of residues found in local field trials, often using an exaggerated application rate.
The acceptable daily intake (ADI) is defined as the amount of a chemical which can be consumed every day for an individual's entire lifetime with the practical certainty, on the basis of all the known facts, that no harm will result. The ADI for man is based on the noeffect-level in animals and incorporates a large safety margin. This concept was introduced by the Joint Meeting on Pesticides Residues (JMPR), a meeting of experts of international repute invited by WHO or FAO. They annually consider the residues of various pesticides occurring in foods in international trade and recommend maximum levels of individual pesticides in foodstuffs. This approach has been adopted by several national regulatory authorities.
How can the residues be related to intake? As an example, if someone eats 100 g of apples each day from an orchard treated to give a maximum level of residue of I ppm, he could have ingested 0.1 mg of the residue each day. If this goes on throughout his life, it would seem that such a level would only be acceptable for products with an ADI substantially greater than about 0.1 mg divided by typical body weight. That means 0.0015 mg/kg body weight/day. The corresponding no-effect-level in animals for this to happen would be greater than 0.1 mg/kg/day for life, providing at least a one hundred fold safety margin.
But there are complexities in this seemingly simple relationship. Most apples from the treated crop will be far below the 1 ppm residue level, partly because growers do not always use the product at the maximum recommended rate. Also in many cases residues decline during storage and not all the crop is treated. Typical residues will always be below the maximum if good agricultural practice has been followed. Practical experience bears this out (Residue Committee of GIFAP 1984).
Many foods, of course, are not raw agricultural commodities; they are derived from them by various food-processing operations. People seldom eat cottonseed, but margarine is a common diet item derived from cottonseed oil. Likewise wheat grain undergoes substantial processing before it becomes bread. The effect of these processes on residue levels can be very significant and have to be studied on a case-by-case basis.
Obviously, if a pesticide is used on more than one crop, the residues likely to occur in all crops registered for treatment have to be considered. The worst-case situation is always looked at.
Authorities in some countries go a further step and fix a statutory maximum residue limit (an 'MRL' or residue 'tolerance') for the level of residues in the food commodities concerned, and this maximum is determined by what the recommendation for use or good agricultural practice requires. In this way, the level of residues is kept at the minimum consistent with the proposed use and not allowed to rise to the highest level the authority thinks acceptable toxicologically. It must be stressed that an MRL is a statutory level. It does not signify that higher levels will give rise to toxic effects any more than one would be bound to suffer a car accident by exceeding a road speed limit.
Health effects of pesticide residues
Given a reasonable standard of agricultural practice, the conclusion must be that pesticides do not produce residues in crops, milk or meat that are toxic hazards. Even when agricultural practice is less than perfect, there is still a margin of safety.
The present state of knowledge in medicine and the biological sciences does not allow us to prove a negative: it is impossible to demonstrate there is absolutely no biological response to pesticide residues in human foods. So far, however, there is no consistent evidence of adverse health effects in man attributable to pesticide residues in foodstuffs arising from typical agricultural practice. Even an idiosyncratic reaction of exquisite sensitivity seems most unlikely given the degree of testing and the safety margins.
There is also experience from medical surveillance of a group of people exposed to the pesticide at levels often far higher than encountered as residues in food. In the factory where the pesticide is synthesized and packed, workers are likely to be exposed to some contamination and this is monitored. Any health effects are automatically subject to medical examination. Some absorption and metabolism studies may also be conducted in man as part of the programme of safety testing.
Accidental exposure to pesticides A quite separate issue is the contamination of foodstuffs with pesticides, for example during transport or storage. Related to this is accidental ingestion of pesticide-treated seed intended for planting and never for consumption. Such incidents have given rise to poisoning episodes, although not in Europe for many years. As an example, the largest outbreak of poisoning was from consumption of organomercury-treated seed in 1972 in Iraq. Over 6000 people were admitted to hospital. There were 452 deaths (Hayes 1982 , Skerfving & Copplestone 1976 .
Pesticides transported in ships holds, railway wagons and lorries have spilled and contaminated foodstuff. Sacks of flour have been the food most commonly involved. The pesticides involved have been endrin and certain organophosphorus insecticides, particularly parathion. These incidents seem to have been less frequent in recent years, a trend which probably reflects the shift towards use of less toxic pesticides. Also there have been changes in packaging and transport regulations.
Conclusions
With the low levels of residues present in foods and the large margin of safety between level of consumption and a likely hazardous level, the conclusion is that residues are not harmful. Present practice is to study the toxicity of pesticides as intensively as a widely used modern drug. Developments in medicine and the biological sciences will lead to a better understanding of the mechanisms of toxic effects. However, our consumption of pesticide residues in foodstuffs must be judged in light of the maxim of Paracelsus: 'It depends only upon the dose whether a poison is poison or not'.
